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Abstract:	Human	provisioning	(feeding)	of	otherwise	wild	animals	has	been	shown	to	significantly	alter	
their	body	condition	and	behavior	as	compared	to	other	members	of	the	population.	However,	the	vast	
majority	 of	 these	 studies	 tends	 to	 focus	 on	 either	 physiology	 or	 behavior,	 and	 thus	 do	 not	 provide	 a	
holistic	assessment	of	the	impact	of	provisioning.	The	recent	population	boom	of	grey	seals	(Halichoerus	
grypus)	in	the	western	Atlantic	and	their	proximity	to	humans	makes	them	an	ideal	candidate	for	such	a	
study.	Morphological	 data	was	 collected	 and	GPS	 tags	 deployed	 for	 several	 seals	 in	 Chatham	Harbor,	
Massachusetts	 in	 June	2013.	Movement	analysis	suggested	one	seal	was	provisioned	via	 the	Chatham	
Fish	Pier,	and	the	assumption	was	later	verified	by	photo	identification.	The	provisioned	female	(#709)	
was	 particularly	 small	 in	 terms	 of	 length,	 weight	 and	 girth	 for	 her	 age,	 and	 exhibited	 significantly	
decreased	 blubber	 thickness	 compared	 to	 other	 female	 seals	 in	 the	 study.	 Stable	 isotope	 analysis	
determined	that	#709	was	 foraging	 (or	was	 fed)	prey	 items	from	a	higher	tropic	 level	 than	normal,	as	
well	as	indicated	high	levels	of	inshore	feeding.	Home	range,	trip	and	behavioral	analysis	generated	by	
GPS	tag	data	suggest	that	the	provisioned	seal	deviated	from	‘normal’	patterns	of	movement	including	
number,	location	and	length	of	foraging	trips,	home	range	size	and	location,	and	breeding	behavior.	The	
cumulative	analysis	is	limited	by	a	small	sample	size,	but	implies	that	further	research	of	this	type	could	
support	a	direct	link	between	human	provisioning	and	significant	deviations	in	grey	seal	ecology.	
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1.	Introduction	
	
The	grey	 seal	 (Halichoerus	grypus)	 is	a	 large,	 size-dimorphic	pinniped	species.	There	are	 three	
distinct	populations	worldwide:	 the	Northwest	Atlantic,	Northeast	Atlantic	and	 the	Baltic	Sea	 (Ampela	
2009),	each	with	slightly	different	morphological	and	behavioral	characteristics.	 	Males	and	females	 in	
the	 Northwest	 Atlantic	 attain	 mature	 lengths	 of	 2.65	 m	 and	 2.20	 m	 respectively	 (Beck	 et	 al	 2003).	
Females	in	the	wild	generally	do	not	live	over	35	years	and	reach	sexual	maturity	between	4	and	5	years	
of	age;	 in	contrast,	males	generally	 live	to	25,	with	sexual	maturity	reached	between	6	and	7	years	of	
age	 (Hewer	 1963).	 	 Diving,	 and	 thus	 foraging	 (as	 the	 two	 are	 highly	 correlated),	 behaviors	 also	 differ	
significantly	 by	 sex.	 Studies	 by	 Beck	 et	 al	 (2003,	 2007)	 found	 that	maximum	 dive	 depths	 differed	 by	
more	than	30m	between	males	and	females.	Additionally,	while	females	on	average	spent	more	effort	
(hours/day)	 diving	 and	 visited	more	 individual	 locations	 than	males,	 males	 tend	 to	 forage	 in	 deeper	
waters	 at	 locations	 further	 offshore	 (Breed	 et	 al	 2009).	 It	 is	 thought	 that	 while	 some	 behavioral	
dissimilarities,	 such	 as	 dive	 depth,	 can	 be	 attributed	 to	 size-dimorphism,	 Beck	 suggests	 that	 sexual	
differences	 in	behavior	result	 from	the	tradeoffs	associated	with	 long-term	energy	storage	needed	for	
reproduction	(Beck	et	al	2003).		
	
Prior	 to	 the	 enactment	 of	 the	Marine	Mammal	 Protection	 Act	 (MMPA)	 in	 1972,	 seal	 hunting	
(culling)	was	a	regular	practice	in	the	United	States.	Historical	estimates	suggest	that	before	1962	over	
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135,000	grey	seals	(Halichoerus	grypus)	had	been	killed	in	Massachusetts	and	Maine	(Bidgood	2013)	for	
both	 subsistence	 purposes	 and	 assumed	 threats	 to	 human	 fishing	 activities	 (Ampela	 2009).	 By	 the	
1980’s	 the	 grey	 seal	 was	 virtually	 extinct	 in	 US	 waters.	 In	 the	 last	 40	 years,	 the	 Western	 Atlantic	
population	has	rebounded	rapidly	due	to	amplified	legal	protections	and	public	concern	for	the	survival	
of	marine	mammals.	The	Northwest	Atlantic	grey	seal	population	has	seen	12%	growth	annually	in	that	
time	(Breed	et	al	2009).	NOAA’s	stock	assessment	of	Cape	Cod	found	only	2,035	grey	seals	in	1994;	the	
same	survey	counted	over	15,700	in	2011	(NOAA	2012).	
	
	 The	recent	seal	population	boom	has	generated	mixed	reactions	in	the	surrounding	community.	
While	 tourism	 has	 increased	 from	 the	 development	 of	 a	 seal-watching	 boat-tour	 industry,	 fishermen	
accuse	seals	 for	a	declining	fish	harvest,	especially	 in	the	case	of	Atlantic	cod	(Gruber	2014).	Although	
we	are	 aware	 that	 seals	 in	 this	 area	do	prey	on	Atlantic	 cod,	 sand	 lance	 is	 a	 far	more	exploited	 food	
source	 in	most	 seasons	 (Ampela	 2009).	 There	 remains	 a	 considerable	 amount	 of	 conflicting	 opinions	
across	Canada,	Europe	and	the	US	to	whether	or	not	seals	are	to	blame	for	the	decline	(Cook	et	al	2016;	
Trzcinski	 et	 al	 2006;	 Chouinard	 et	 al	 2005),	 and	 overfishing	 is	 generally	 considered	 a	more	 probable	
explanation.	 Seal	expansion	has	also	been	cited	as	a	primary	catalyst	 for	 the	 recent	 increase	 in	Great	
white	 shark	 activity	 off	 the	Massachusetts	 coast	 (Skomal	 2012),	 which	 the	 public	 fears	 could	 have	 a	
negative	 effect	 on	 recreational	 water	 activities	 (Gruber	 2014).	 In	 August	 2015,	 researches	 confirmed	
spotting	17	 individual	 great	whites	off	 the	 coast	 in	a	 single	day.	 In	 the	 same	month,	officials	 issued	a	
swimming	suspension	for	Nauset	Light	Beach	in	Eastham,	Massachusetts	after	a	great	white	attacked	a	
seal	within	60	–	90	ft.	of	the	shore	(Fraser	2015).			
	
	 Though	research	is	limited	to	a	few	species,	the	impact	of	human	provisioning	on	the	ecology	of	
wild	 animals	 is	 fairly	 well	 documented.	 However,	 few	 studies	 have	 examined	 both	 behavioral	 and	
physiological	effects.	Provisioned	bottlenose	dolphins,	for	instance,	have	been	studied	numerous	times	
for	 changes	 in	 movement,	 behavior	 and	 mother/calf	 dynamics	 during	 and	 post-human	 provisioning	
(Samuels	 and	Bejder	 2004,	 Panama	City,	 Florida;	 Foroughirada	 and	Mann	2013,	 Shark	Bay,	Australia),	
but	not	 for	physiological	 changes.	 In	both	of	 these	cases,	provisioning	of	 the	dolphins	was	 intentional	
and	 utilized	 to	 encourage	 interactions	 between	 the	 animals	 and	 tourists.	 In	 the	 case	 of	 dolphins	 at	
Panama	City,	the	study	found	that	food	provisioning	was	a	strong	incentive	for	free-ranging	dolphins	to	
consistently	 engage	with	 visitors.	Dolphins	 that	were	 considered	 ‘food	 conditioned’	 to	humans	at	 the	
beach	(i.e.	were	fed	on	a	semi-regular	basis	by	people)	engaged	with	swimmers	77%	of	the	time	during	
observations,	 while	 the	 percentage	 was	much	 lower	 for	 non-conditioned	 dolphins	 in	 the	 same	 area.	
Additionally,	conditioned	dolphins	remained	within	1	nautical	mile	of	the	site	during	observation	periods	
(only	 travel	 was	 from	 vessel	 to	 vessel).	 In	 contrast,	 researchers	 recorded	 that	 non-conditioned	
individuals	did	not	travel	between	vessels	i.e.	investigate	when	a	new	vessel	arrived,	and	regularly	swam	
several	nautical	miles	off	the	coast	and	into	the	bay	during	observation	(Samuels	and	Bejder	2004).		At	
Shark	Bay,	Australia,	dolphin	 feeding	has	been	a	 regular,	daily	activity	 since	 the	1960’s,	 and	has	been	
regulated	 by	 the	 Department	 of	 Environment	 and	 Conservation	 (DEC)	 since	 1989.	 This	 study,	 which	
employed	 a	 ‘BACI’	 (Before-After-Control-Impact)	 experimental	 design,	 found	 that	 parent-offspring	
interactions	 and	 activity	 budgets	 were	markedly	 affected	 by	 participation	 in	 a	 provisioning	 program.	
Surprisingly,	 calves	 born	 to	 provisioned	 females	 rested	 less	 often	 given	 that	 their	 home	 ranges	 are	
smaller	than	the	non-provisioned	group,	and	spent	more	time	foraging	(Foroughirada	and	Mann	2013).	
Such	studies	are	of	particular	relevance	to	this	one,	as	they	examine	behavioral	changes	of	a	common,	
marine	predator.		
	
One	of	the	only	marine	organisms	that	has	been	evaluated	for	both	physiological	and	behavioral	
impacts	of	provisioning	is	the	southern	stingray.	Due	to	its	relatively	small	size	and	frequent	interaction	
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with	humans	at	Stingray	City	Sandbar	 (SCS)	 in	 the	Cayman	 Islands	–	an	ecotourism	destination	where	
stingrays	 are	 fed	 multiple	 times	 per	 day	 –	 southern	 stingrays	 are	 excellent	 candidates	 for	 such	
investigations	 (Corcoran	 et	 al	 2013;	 Semeniuk	 and	 Rothley	 2008).	 Corcoran	 et	 al	 (2013)	 found	 that	 a	
much	higher	level	of	spatial	overlap	in	habitat	use	demonstrated	by	female	stingrays	at	SCS	compared	to	
wild	 stingrays	 suggests	 that	 impact	 of	 provisioning	 activities	 has	 likely	 altered	 the	 normal	 population	
dynamics.	 	 The	 daily	 pattern	 of	 movement	 was	 also	 significantly	 altered	 at	 SCS,	 where	 stingrays	
occupied	 a	much	 reduced	 area	during	daytime	 feeding,	 but	were	 consistently	moving	 from	 tourist	 to	
tourist.	Wild	stingrays,	in	contrast,	spend	more	time	resting	and	generally	forage	at	night.	Other	studies	
conducted	 at	 the	 site	 found	 that	 the	 nearly	 constant	 interaction	 of	 multiple	 stingrays	 at	 SCS	 has	 a	
significant	 impact	 on	 the	 animals	 physically.	 Compared	 to	wild	 stingrays,	 SCS	 individuals	were,	 “more	
likely	 to	have	 lower	body	condition,	be	 injured	by	boats	and	predators,	be	susceptible	 to	ecto-dermal	
parasites,	 and	 be	 engaged	 in	 intense	 interference	 competition	 (Semeniuk	 and	 Rothley	 2008).”	 These	
studies,	taken	together,	offer	a	more	complete	picture	of	the	impact	of	provisioning	on	the	ecology	of	
southern	 stingrays	 and	 can	be	 utilized	when	 implementing	management	 practices.	 Similar	 studies	 for	
other	marine	organisms	that	experience	frequent	human	interaction	would	be	similarly	useful.		
	
For	this	study,	eight	seals	–	four	female,	four	male	–	were	tagged	inside	of	Chatham	Harbor,	MA	
(see	overview	table	of	 individual	seals	below).	Several	other	seals	had	morphometrics	taken,	but	were	
not	 tagged.	 	 One	 female	 seal	was	 killed	 in	 a	 shark	 attack	 53	 days	 after	 the	 tag	 deployment,	 and	 tag	
malfunctions	 limited	 analysis	 in	 a	 few	 particular	 cases.	 The	 study	 was	 initially	 undertaken	 to	 collect	
generally	 ecological	 data	 about	 the	 newly	 recovered	 Northwest	 Atlantic	 grey	 seal	 population	 in	 the	
United	 States.	 However,	 employees	 of	 the	 Chatham	 Fish	 Pier	 indicated,	 and	 verified	 with	 photo	
identification,	that	female	tagged	seal	#709	was	regularly	visiting	and	being	fed	by	fishermen	coming	in	
and	 out	 of	 Chatham	Harbor	 and	 possibly	 by	 tourists	 from	 the	 pier.	 	 The	 objective	 of	 this	 study	 is	 to	
determine	 the	 effects	 of	 human	 provisioning	 on	 the	 body	 condition	 and	 behavior	 of	 seal	 #709	 by	
comparing	her	to	other	non-provisioned	seals	from	within	the	study	group.	
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2.	Methods	and	Analysis	
	
2.1	Capture,	Tagging	and	Measuring	
	
	 Fieldwork	was	conducted	between	June	12th	and	17th,	2013	at	a	tidally-dependent	sand	bar	hull-
out	 site	 (41.67	 N,	 68.95	 W)	 within	 Chatham	 Harbor,	 MA	 (one	 rehabilitated	 seal	 was	 tagged	
opportunistically	 in	September	2012).	Methods	utilized	 in	a	 study	capturing	and	marking	harbor	 seals	
(Jeffries	et	al	1993)	were	adapted	 for	 this	purpose.	Seals	were	either	 captured	at	 the	haul-out	 site	or	
swimming	 in	shallow	water	 in	a	net	deployed	 from	a	boat.	The	seal	was	 then	transported	to	another,	
largely	 unoccupied	 sandbar	 to	be	 tranquilized	 and	measured	 (see	 footage	of	 the	 capture	 and	 tagging	
process	at:	https://www.youtube.com/watch?v=HYkaFW5HHfM).	
	
	 Veterinarians	 monitored	 the	 seals’	 physical	 condition	 throughout	 the	 process.	 Seals	 were	
anesthetized	 intramuscularly	 with	 0.58	 –	 0.8	mg/kg	 of	 100mg/mL	 tiletamine/zolazepam	 (TZ)	 in	 a	 1:1	
ratio	(Sharp	et	al).	Basic	morphometrics	–	weight,	girth,	head	and	flipper	length,	and	standard	length	–	
were	measured	on	site	during	sedation.	Two	8mm	blubber	biopsy	samples	were	collected	from	both	the	
dorsal	and	lateral	flanks	of	the	animal	to	measure	bubbler	thickness.	Approximately	1	μg	blood	samples	
were	drawn	for	stable	 isotope	analysis.	One	lower	 incisor	from	each	animal	was	removed	after	a	 local	
anesthetic	was	 injected	to	estimate	age	 (Bernt	et	al	1996).	GSM/GPRS	tags	 (Global	System	for	Mobile	
Communications/General	 Packet	 Radio	 System,	 SMRU	 Instrumentation,	 St.	 Andrews,	 Scotland)	
measuring	 10cm	 x	 7cm	 x	 4cm	 and	 weighing	 370	 g	 were	 attached	 to	 the	 head	 or	 neck	 of	 the	 seal	
(location	determined	by	body	size)	using	an	epoxy	based	adhesive	(Jessop	et	al.	2013).		The	tags	relayed	
time	spent	diving,	surfing	and	hauled-out,	as	well	as	various	diving	metrics	(depth	and	duration	of	dives,	
time	 of	 dives,	 and	 temperature	 during	 the	 dive),	 every	 4	 hours.	 They	 also	 gathered	 high-resolution	
movement	data.	In	total,	the	metrics	of	12	seals	were	collected	and	8	received	GPS	tags.	Photos	used	for	
identification	of	 the	provisioned	seal	were	collected	by	members	of	 the	 International	Fund	for	Animal	
Welfare	(IFAW)	Marine	Mammal	Rescue	and	Research	Program.	
	
Figure	 1.	 Study	 site,	 Chatham	 Fish	 Pier	 in	 Chatham,	 Massachusetts.	 Samples	 were	
collected	in	June	2013	at	a	sandbar	haul	out	site	near	the	pier. 
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2.2	Body	Condition	
	
	 We	compared	the	body	condition	of	the	provisioned	female	to	that	of	the	other	five	identified	
females.	Males	were	excluded	 in	 this	analysis,	as	body	size	and	blubber	accumulation	are	significantly	
different	between	sexes	as	a	result	of	differing	diet,	foraging	and	breeding	strategies	(Breed	at	al	2009).	
Blubber	fat	thickness	was	calculated	by	ultrasound	image	analysis	in	the	lab	(as	described	by	Miller	et	al	
2011).	 Girth,	 weight,	 standard	 length	 and	 blubber	 thicknesses	were	 used	 to	 determine	 relative	 body	
condition.	 Mahalanobis	 distance	 statistical	 analysis	 was	 used	 to	 compare	 girth,	 weight	 and	 standard	
length	 between	 the	 females,	 and	 a	 Grubbs	 test	 was	 conducted	 to	 analyze	 blubber	 thickness	 and	
determine	whether	there	were	any	statistical	outliers.		
	
2.3	Stable	Isotope	Analysis		
	
Stable	 isotopes	of	 carbon	have	been	 shown	 to	 accurately	 distinguish	between	 foraging	 areas.	
Cherel	and	Hobson	(2007)	show	that	δ13C	values	designate	spatial	foraging	segregation	of	penguins	at	a	
sub	Antarctic	archipelago,	with	higher	values	being	indicative	of	more	inshore	feeding,	and	lower	values	
indicating	 more	 offshore/oceanic	 feeding.	 Additionally,	 ecologists	 in	 both	 terrestrial	 and	 aquatic	
ecosystems	have	utilized	stable	nitrogen	isotopes	as	a	measure	of	the	trophic	level	of	prey	(Sponheimer	
et	 al	 2003;	 Cabana	 and	 Rasmussen	 1994;	 Kelly	 2000).	 Animals	 feeding	 at	 higher	 trophic	 levels	 will	
maintain	a	greater	percentage	of	δ15N	(‰)	in	their	blood.	
	
Stable	 isotope	 analysis	 was	 conducted	 by	 the	 Polito	 Lab	 at	 Louisiana	 State	 University.	 The	
process	by	which	stable	isotopes	were	extracted	can	be	found	in	Rey	and	Polito,	et	al	2012.	Studies	have	
shown	that	male	and	female	grey	seals	forage	differently	and	likely	on	different	prey	(Breed	et	al	2009);	
thus,	stable	 isotope	figures	 -	δ15N	(‰)	and	δ13C	(‰)	-	of	 females	alone	was	analyzed.	A	multivariate	
outlier	analysis	using	Mahalanobis	Distances	were	conducted	using	both	nitrogen	and	carbon	level,	and	
Grubbs	outlier	analysis	was	conducted	for	each	isotope	individually.		
	
2.4	Tag	Data	–	Behavior	and	Movement	
	
	 To	account	for	the	observed	change	in	behavior	between	seasons,	a	breakpoint	was	established,	
as	previous	studies	have	shown	that	both	sexes	made	longer	trips	and	spent	more	time	foraging	in	the	
colder	seasons	(Breed	et	al	2009).	Using	this	information,	a	breakpoint	was	set	by	fitting	the	segmented	
model	 iteratively	with	breakpoints	between	October	1	and	January	1,	and	anchoring	the	breakpoint	at	
the	partition	that	minimizes	deviance	(Moxley	2016).	The	breakpoint	(BP)	utilized	for	the	remainder	of	
this	report	is	November	5,	separating	our	data	into	warm	(June	–	November	5)	and	cold	(November	5	–	
March)	seasons,	as	tags	were	deployed	in	June,	and	most	remained	intact	and	active	through	March	the	
following	 year.	 Apart	 from	obvious	 breeding	 pressures,	 it	 is	 also	 thought	 that	 the	 observed	 temporal	
behavioral	 change	 is	 linked	 to	 the	presence	or	 absence	of	 great	white	 sharks	 in	 the	Western	Atlantic	
during	the	warmer	months	(Skomal	2012).	
	
The	 raw	 GPS	 tracks	 of	 the	 six	 seals	 that	 a)	 survived	 the	 study	 and	 b)	 did	 not	 have	 a	 tag	
malfunction	(3	male,	3	female)	were	visually	analyzed	as	a	preliminary	means	of	determining	range	size	
and	location.	The	home	range	pre-BP	and	post-BP	for	all	tagged	individuals.	To	accomplish	this,	bivariate	
kernels	 were	 spatially	 fit	 to	 the	 GPS	 locations	 returned	 from	 the	 telemetry	 tag	 during	 each	 season.	
Home	 range	 area	 is	 calculated	 from	 the	 area	 of	 the	 95%	 isopleth,	 which	 includes	 the	 space	 that	
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encompasses	a	95%	probability	of	observing	that	animal.	This	can	be	interpreted	as	the	space	used	by	
the	animal	95%	of	the	time	during	that	season	(Moxley	2016).	
	
Data	for	offshore	foraging	trips,	average	number	of	trips,	duration,	total	distance	travelled	and	
maximum	distance	offshore,	was	also	calculated	seasonally.	Foraging	trips	are	 identified	by	multi-hour	
movements	to	areas	beyond	2	km	from	the	coast	and	include	the	movement	between	the	coast	and	the	
2	km	buffer.	Distance	travelled	 is	the	number	of	km	the	animal	travelled	between	departing	the	coast	
and	returning	to	the	coast	i.e.	the	location	with	minimum	distance	to	shore.	Maximum	distance	offshore	
is	the	maximum	number	of	km	away	from	the	coast	the	animal	reached	during	that	trip.	Trip	duration	is	
the	time	(in	days)	the	trip	lasted	(Moxley	2016).	The	average	for	each	metric	was	calculated	for	female	
seals	 (excluding	 the	 provisioned	 seal)	 and	 for	 all	 seals	 as	 a	 whole	 (again,	 excluding	 the	 provisioned	
female)	for	comparison	purposes.		
	
Activity	 budgets	 –	 the	 proportion	 of	 each	 4-hour	 period	 that	 a	 tagged	 animal	 spent	 at	 the	
surface	(<	1	m	deep),	at	depth/diving	(>	1	m	deep),	or	hauled	out	(on	a	beach)	–	were	recorded	by	the	
GPS	units,	along	with	average/max	dive	depth.	The	seasonal	average	for	four	behavior	metrics	–	percent	
time	 diving,	 at	 the	 surface	 and	 hauled-out	 on	 land	 and	 max	 dive	 depth	 –	 were	 utilized	 to	 examine	
whether	distinct	male	and	female	patterns	of	behavior	could	be	identified.	Analysis	was	conducted	using	
a	K-Mean	cluster	analysis	 (n	clusters	=	2),	and	examined	where	 the	provisioned	 female	 fell	within	 the	
range	of	 the	 identified	patterns.	Additionally,	 averages	 for	all	 four	metrics	were	calculated	 for	 female	
and	male	seals	in	the	study	to	compare	to	the	provisioned	female	(#709).	
	
3.	Results	
	
3.1	Photo	Identification	
	
	 Based	 on	 preliminarily	 analysis	 of	 the	 data	 and	 observations	 during	 the	 capture	 and	 tagging	
process,	 it	 was	 hypothesized	 that	 seal	 #709	 was	 frequenting	 the	 Chatham	 Harbor,	 specifically	 the	
Chatham	Fish	Pier,	to	forage	as	fishermen	and	tourists	threw	food	scraps	into	the	water.	This	suspicion	
was	 confirmed	 by	 photo	 identification	 of	 seal	 #709	 collected	 by	 the	 International	 Fund	 for	 Animal	
Welfare	 (IFAW)	Marine	Mammal	Rescue	and	Research	Program	 in	Cape	Cod.	 	 She	 can	be	 seen	 in	 the	
photo	below,	bumping	a	fishing	vessel	within	the	harbor.		
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3.2	Body	Condition	
	
Compared	 to	 other	 females,	 provisioned	 female	 #709	 did	 not	 significantly	 differ	 in	 terms	 of	
weight,	 girth	or	 standard	 length.).	 Figure	2	 shows	a	positive	 correlation	between	 standard	 length	and	
girth/weight	 of	 the	 female	 seals.	 Seal	 #709	 falls	 along	 this	 correlation	 line	 i.e.	 no	 single	 measure	
appeared	significantly	abnormal	compared	to	other	morphological	measurements.	 It	 should	be	noted,	
however,	 that	 seal	 #652	 (11	 yr),	 the	 largest	 in	 the	 group	 across	 all	 metrics,	 is	 younger	 than	 our	
provisioned	female	(12	yr).	This	is	significant	as	female	grey	seals	generally	do	not	stop	growing	until	15	
years	 of	 age,	 and	 can	 attain	 lengths	 of	 2.20	 (#652	was	 181cm	 long	 at	 the	 time	 of	 this	 study).	 Thus,	
female	#709	appears	 significantly	 smaller	 than	would	be	expected	 for	her	age,	and	 is	 closer	 in	 size	 to	
much	younger	seals,	those	around	6	years	of	age.	Lateral	blubber	thickness	did	not	appear	to	be	a	clear	
measure	 of	 overall	 blubber	 content,	 as	 a	 great	 deal	 of	 variation	 exists	 within	 both	 genders.	 Dorsal	
blubber	 thickness,	 in	 contrast,	was	 fairly	 consistent	within	both	 sexes	 (Fig.	3).	 The	Grubbs	outlier	 test	
using	dorsal	fat	thickness	(α	=	0.05)	found	that	the	provisioned	female	was	nearly	a	statistical	outlier	(p	
>	|G|	=	0.065).	Blubber	thickness	did	not	appear	to	be	correlated	to	any	other	metric	in	our	analysis.	
	
3.3	Stable	Isotope	Analysis		
	
A	stable	isotope	analysis	was	conducted	for	each	of	the	tagged	seals,	as	well	as	other	individuals	
that	were	captured	on	the	same	day.	Figure	4	shows	δ15N	(‰)	vs.	δ13C	(‰)	for	male	and	female	seals,	
as	 well	 those	 for	which	 sex	was	 unknown.	 	 In	 our	 analysis,	 there	was	 no	 significant	 different	 shown	
between	 the	 isotope	 levels	 of	 males	 and	 females,	 though	 other	 studies	 have	 shown	 the	 sexes	 have	
different	 foraging	 strategies	 (Nitrogen:	 female	 avg.	 –	 -18.2,	male	 avg.	 –	 -18.3;	 Carbon:	 female	 avg.	 –	
13.9,	male	avg.	–	14.0).	 	 It	 is	evident	 simply	 from	visual	analysis	 that	 the	blood	of	provisioned	 female	
#709	 contained	 significantly	 higher	 levels	 of	 each	 isotope	 than	 any	 other	 tested	 animal	 (Fig.	 4).	
Individual	Grubbs	outlier	tests	of	each	isotope	found	that	the	δ15N	(‰)	value	of	the	provisioned	female	
was	 a	 statistical	 outlier	 (p	 >	 |G|	 =	 0.00123),	 while	 the	 δ13C	 (‰)	 was	 nearly	 an	 outlier	 (p	 >	 |G|	 =	
0.07513).	 A	 multivariate	 statistical	 analysis	 using	 Mahalanobis	 Distances	 (α	 =	 0.05)	 determined	 that	
when	taken	together,	δ15N	(‰)	and	δ13C	(‰)	values	for	the	provisioned	female	were	statistical	outliers	
(Fig.	5).	
	
3.4	Tag	Data	–	Behavior	and	Movement		
	
A	K	Means	Cluster	Analysis	allowed	 for	comparison	across	sexes	using	 four	behavioral	metrics	
(max	depth,	percent	time	spent	diving,	at	the	surface	and	hauled	out).	Area	(km2)	was	not	 included	in	
this	analysis	as	it	was	identified	early	on	that	#709	displayed	ranging	behavior	that	was	dissimilar	from	
both	female	and	male	patterns.	In	the	warm	season,	female	and	male	seal	behavior	is	closely	related,	as	
evidenced	by	the	cluster	overlap.	 In	the	cold	season,	 female	and	male	clusters	are	clearly	established,	
indicating	more	distinct	behavioral	differences	between	 the	sexes	caused	by	 the	start	of	 the	breeding	
period.	From	this	analysis,	we	can	see	 that	provisioned	 female	#709	displays	behaviors	 that	are	more	
closely	associated	with	the	tagged	males	rather	than	other	females	in	both	seasons	(Fig.	6),	though	this	
association	with	male	patterns	of	behavior	is	more	evident	in	the	cold	season.	In	the	cold	months,	#709	
spent	significantly	more	time	diving	and	less	time	hauled	out	(attributed	to	lack	of	breeding)	than	other	
females	(Fig.	7).	Seal	#709	also	had	much	shorter	maximum	dive	depth	in	both	seasons	relative	to	the	
means	of	other	males	and	females	(Fig	7).	Her	lack	of	blubber	insulation	could	be	a	possible	explanation	
for	this	pattern.	
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	Provisioned	female	#709	did	not	make	any	offshore	trips	during	the	warm	season,	as	shown	in	
Fig.	 8.,	 thus	 no	 warm	 season	 comparisons	 between	 #709	 and	 other	 non-provisioned	 seals	 could	 be	
made.	The	data	comparing	mean	female	and	mean	all	 seal	data	helps	 to	substantiate	claims	made	by	
previous	studies	as	to	the	differences	between	male	and	female	grey	seal	foraging	behavior	(Beck	et	al	
2003,	2007).		In	the	warm	season,	male	and	female	behavior	is	much	more	closely	correlated	across	all	
metrics,	as	is	also	described	in	Breed	et	al	(2009).	Figure	8	presents	a	clear	example	of	the	seasonal	shift	
in	behavior	between	summer	and	winter,	and	is	further	justification	for	differentiating	date	by	season	in	
the	remainder	of	this	paper.	During	the	winter	months,	we	can	see	that	#709	made	significantly	more	
trips	 than	 the	mean	of	other	 females	and	all	 seals.	However,	 these	 trips	appear	 to	be	shorter	both	 in	
duration	and	distance,	and	stick	closer	to	shore	than	the	trips	of	other	tagged	individuals.	This	follows	
with	our	knowledge	of	her	home	range,	as	described	below.	
	
Simple	 visual	 analysis	 of	 the	 six	 most	 complete	 (longest	 tag	 duration)	 GPS	 seal	 tracks	 shows	
great	 variation	 between	 individuals	 and	 sexes.	 It	 is	 evident	 that	 the	 provisioned	 female	 displayed	
deviant	 behavior	 during	 the	 course	 of	 the	 study,	 as	 evidenced	 by	 her	 significantly	 decreased	 overall	
range	 (Fig.	 9).	All	 others	 seals	of	both	 sexes	participated	 in	 at	 least	one	extended	offshore	excursion,	
either	 north	 towards	 Canada	 or	 south	 of	 Nantucket	 Island.	 In	 addition,	 the	 waters	 between	 the	
mainland,	 Martha’s	 Vineyard	 and	 Nantucket	 (or	 Nantucket	 Sound)	 remain	 largely	 unutilized	 by	 non-
provisioned	 seals,	 though	 the	 two	 ‘normal’	 females	 do	 appear	 to	 use	 the	 sound	 to	 migrate	 to	 the	
breeding	 colony	 (Muskeget	 Island,	 west	 of	 Nantucket).	 In	 contrast,	 the	 provisioned	 female	 makes	
several	 trips	 within	 the	 sound	 (Fig.	 9),	 which	 could	 explain	 the	 shallow	 diving	 behavior	 described	
previously	 (if	 we	 assume	 that	 the	 sound	 is	 generally	 more	 shallow	 than	 the	 open	 Atlantic	 Ocean).		
Additionally,	 the	area	covered	by	the	provisioned	female	#709	 is	much	 lower	than	other	seals	of	both	
sexes	in	the	warm	season	(Table	1).		In	the	cold	season,	the	size	jumps	significantly,	about	to	that	of	the	
other	females.	However,	as	discussed,	the	location	of	this	range	is	highly	dissimilar.		
	
4.	Discussion	
	 	
Accounting	for	the	multitude	of	variables	–	body	condition,	stable	isotope	analysis,	behavior	and	
movement	–	it	appears	that	human	provisioning	from	the	fish	pier	may	have	multiple	 impacts	on	grey	
seal	ecology.	Analysis	of	body	condition	showed	that	the	provisioned	female	does	not	outwardly	appear	
dissimilar	from	the	rest	of	the	subset	(females,	sub-adults	or	adults	over	four	years	of	age)	in	terms	of	
weight,	girth	or	standard	length.	As	the	provisioned	female	was	the	eldest	of	the	group	(12	years),	we	
would	expect	her	to	be	the	largest	overall.	Overall	size	tends	to	increase	until	around	15	years	of	age	in	
female	grey	seals	(Hewer	1963),	with	mature	adult	lengths	reaching	2.20m	in	this	population	(Beck	et	al	
2003).	Due	to	the	small	sample	size,	 it	was	not	possible	to	say	for	certain	whether	the	observed	small	
size	of	seal	#709	was	significant,	as	it	could	in	theory	be	a	product	of	natural	genetic	variation	within	the	
population.	However,	 #709’s	dorsal	blubber	 fat	 content	 is	 also	 significantly	 lower	 than	other	 females,	
even	 those	a	 third	of	her	age.	 Lateral	blubber	 fat	 thickness	 is	also	on	 the	 lower	end	of	 the	 spectrum,	
though	not	significantly	so.	Blubber	thickness	does	not	appear	to	be	correlated	to	any	other	body	metric	
in	the	analysis	of	the	data.	Seal	#709’s	substantial	 lack	of	blubber	could	reasonably	 impact	her	overall	
fitness,	as	she	has	less	insulation	from	the	cold.	This	could	be	related	to	her	lack	of	offshore	trips.		
	
Although	#709	was	 the	oldest	of	 the	seals	 (12	years),	 she	did	not	appear	 to	breed	during	 this	
study	based	on	movement	and	 location	analysis.	Compared	 to	 the	other	 two	 tagged	 females,	both	of	
whom	were	of	reproductive	age,	#709	spent	little	time	at	the	Muskeget	Island	breeding	colony	and	very	
little	 time	hauled	out	 (roughly	10%	 less)	post-BP	during	 the	breeding	season.	 	 In	 fact,	based	on	diving	
behavior	and	activity	budgets,	#709	appears	to	act	more	in	a	manner	consistent	with	male	seals	rather	
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than	female	seals	(Fig.	6).	Previous	reports	show	that	grey	seals	demonstrate	consistently	high	rates	of	
reproduction	between	the	ages	of	5	and	30	(Hammill	and	Gosselin	1994).	Similarly,	Bowen	et	al	(2006)	
found	 that	 68	 –	 73%	 of	 female	 grey	 seals	 4-15	 years	 old	 in	 Halifax,	 Nova	 Scotia,	 Canada	 gave	 birth,	
further	supporting	the	hypothesis	that	lack	of	breeding	for	a	12	year	old	seal	is	likely	deviant	behavior.	If	
we	assume	sufficient	blubber	thickness	is	an	indicator	of	overall	fitness,	it	may	be	inferred	that	#709	did	
not	 have	 the	 capability	 to	 breed.	 Various	 studies	 of	 mammalian	 species	 show	 that	 females	 in	 poor	
condition	are	 less	 likely	 to	be	pregnant	or	 carry	 the	pregnancy	 to	 term	 (Beck	et	al	2003).	Miller	et	al.	
published	a	study	in	2011	that	showed,	in	right	whales,	thicker	blubber	may	indicate	a	better	nutritional	
regime	and	 likely	contributes	to	more	stable	and	successful	 reproductive	performance.	More	research	
would	be	needed	to	conclude	whether	blubber	thickness	in	grey	seals	is	similarly	linked	to	reproduction.	
	 	
Analysis	of	 stable	 carbon	and	nitrogen	 isotopes	provides	 insight	 into	how	human	provisioning	
may	have	affected	the	diet	of	#709.	In	our	analysis,	there	was	no	significant	difference	found	between	
the	 isotope	 levels	 of	 males	 and	 females,	 though	 other	 studies	 have	 shown	 the	 sexes	 have	 different	
foraging	strategies	 that	would	 likely	 impact	 these	 levels.	Higher	δ15N	(‰)	and	δ13C	 (‰)	 levels	 in	 the	
blood	 of	 #709	 indicate	 consumption	 of	 fish	 of	 a	 higher	 trophic	 level	 and	 more	 inshore	 foraging	 as	
compared	to	the	rest	of	the	population.	This	confirms	the	assumption	that	#709	fed	successfully	at	the	
pier	 frequently	 enough	 that	 she	 significantly	 altered	 the	 composition	 of	 stable	 isotopes	 in	 her	 blood.		
Each	 ~3%	 enrichment	 of	 δ15N	 (‰)	 in	 the	 blood	 is	 indicative	 of	 a	 step	 higher	 on	 the	 food	 chain	
(Sponheimer	 et	 al	 2003).	 Seal	 #709’s	 blood	 δ15N	 (‰)	 level	 was	 ~7%	 higher	 than	 the	 conspecifics,	
signifying	that	her	average	prey	was	approximately	two	trophic	levels	above	the	norm.		It	also	suggests	
that	the	type	of	fish	that	#709	was	receiving	at	the	pier	were	not	the	sort	that	grey	seals	would	normally	
catch	on	 their	own	 (for	overview	of	 fish	 typically	caught	by	grey	seals	 in	 this	area,	 see	Ampela	2009).	
Diets	 low	 in	 lipid	 content	 and	periods	of	 low	prey	 abundance	 are	both	positively	 correlated	with	 low	
blubber	 thickness	 in	 right	 whales	 (Miller	 et	 al	 2011);	 nutritional	 changes	 or	 low	 prey	 consumption	
caused	by	human	provisioning	could	reasonably	be	having	a	similar	impact	on	seal	#709.		
	 	
While	deviant	behavior	of	#709	is	more	difficult	to	quantify	due	to	the	small	sample	size	of	this	
study	 –	 decreased	 further	 by	 tag	 malfunction	 and	 shark	 predation	 –	 the	 data	 points	 towards	 some	
important	impacts	induced	by	human	provisioning.	The	simple	examination	of	the	raw	GPS	tracks	of	six	
of	 the	 seals	 shows	 that	#709’s	movement	and	 space	use	patterns	differ	 greatly	 from	all	 other	 tagged	
seals	 in	this	study.	The	utilization	of	Nantucket	Sound	appears	highly	 irregular,	though	a	 larger	sample	
size	 could	 further	 clarify	 this	 suspicion.	 	 This	 assumption	 is	 further	 supported	 by	 the	 fact	 that	 #709	
exhibited	below-average	diving	depths	(Fig.	7),	likely	a	byproduct	of	the	use	of	a	generally	more	shallow	
foraging	 area	 (Nantucket	 Sound	 compared	 to	 the	 open	 Atlantic).	 	 Furthermore,	 home	 range	 was	
severely	reduced	for	the	provisioned	seal	when	compared	to	both	male	and	female	seals	 in	the	study,	
particularly	in	the	warm	season	(Table	1,	pre-BP).	Similar	impacts	to	home	range	have	been	documented	
in	other	provisioned	species,	 such	as	bottlenose	dolphins	and	southern	stingrays	 (Samuels	and	Bejder	
2004;	Foroughirada	and	Mann	2013;	Corcoran	et	al	2013;	Semeniuk	and	Rothley	2008).	Pre-BP,	#709	did	
not	leave	Chatham	Harbor,	and	spent	proportionally	more	time	at	the	pier	than	at	the	sandbar	haul	out	
site	where	the	other	seals	 in	this	study	spent	the	vast	majority	of	their	time.	 In	the	cold	season	(post-
BP),	#709	 increased	her	 foraging	 range	 to	an	objectively	more	 ‘normal’	 level	 i.e.	 comparable	 to	other	
study	 seals.	Nevertheless,	 the	 range	was	 still	 on	 the	 low	end	of	 the	 spectrum	and,	 as	 discussed,	was	
geographically	 deviant.	 During	 the	 cold	 season,	 the	 absence	 of	 predation	 pressures	 from	 great	white	
sharks	increases	the	overall	area	seals	may	occupy	safely.	The	decrease	in	temperature,	however,	may	
present	issues	for	seal	#709,	as	reduced	blubber	thickness	makes	her	more	vulnerable	to	freezing,	and	
could	explain	her	relatively	low	home	range.			
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The	 total	absence	of	offshore	 trips	during	 the	warm	season	 for	#709	 is	 significant	on	 its	own,	
and	expected	given	our	knowledge	of	provisioning.	We	assume	animals	that	remain	in	any	small	area	for	
extended	periods	are	likely	in	favorable	habitat,	as	explained	by	the	optimal	foraging	theory	(Breed	et	al	
2009).	The	consistent	presence	of	easily	retrieved	food	at	the	pier	made	a	small	area	(Chatham	Harbor)	
an	optimal	habitat	for	#709.	The	food	obtained	through	provisioning	may	have	been	of	‘lower	quality’,	
or	 at	 least	 less	 conducive	 to	 generating	 fat	 reserves	 than	 the	 normal	 prey	 of	 grey	 seals	 in	 Cape	Cod,	
though	this	it	 is	 impossible	to	know	for	sure	as	cause	and	effect	cannot	be	distinguished	by	this	study.	
During	the	cold	season	(post-BP)	#709	conducted	more	offshore	trips	than	other	seals	in	the	study	(and	
more	than	the	average),	though	these	trips	were	much	shorter	in	duration,	total	distance	travelled	and	
max	distance	offshore	 (Fig.	8).	This	 follows	with	what	we	know	of	her	geographic	 location	during	 this	
time,	with	nearly	all	offshore	 trips	occurring	within	 the	Nantucket	sound.	 It	would	be	much	easier	 for	
#709	to	continually	return	to	shores/sandbars	on	the	coast	while	foraging	in	the	sound	than	it	would	be	
for	 ‘normal’	 conspecifics	 foraging	 primarily	 in	 the	 open	 Atlantic.	 It	 may	 be	 that	 feeding	 at	 the	 pier	
lowered	her	physical	capability	to	fish	efficiently	offshore,	or	that	#709	is	an	inherently	physically	unfit	
individual,	and	thus	developed	this	particular	foraging	habit	as	a	means	of	survival.			
	 	
One	of	 the	 limitations	of	 this	 study	–	as	mentioned	previously	–	 is	 the	 small	 sample	 size.	 The	
presence	of	 a	 single	provisioned	animal	made	 statistical	 comparisons	difficult;	 further	 research	would	
need	 to	 be	 conducted	 in	 order	 to	 validate	 and	 clarify	 these	 findings.	 This	 could	 be	 remedied	 by	
measuring/tagging	other	individual	seals	that	utilize	the	pier	for	food.	Another	source	of	limitation	is	the	
relatively	small	age	range	represented	by	the	seals	in	this	study.	The	provisioned	animal	in	this	case	was	
the	oldest	across	both	sexes.	This	could	potentially	confound	results,	as	 it	 is	possible	that	some	of	the	
behavior	 changes	 are	 associated	 with	 age.	 While	 the	 data	 collected	 from	 another	 female	 seal	 of	
comparable	age	(11	yr)	helps	to	validate	the	hypothesis	that	provisioning,	not	age,	is	the	primary	driver	
of	 observed	differences,	 a	 larger	 age	 range	would	be	needed	 to	 close	 the	window	of	 potential	 error.		
Though	narrow,	 this	 study	presents	 enough	evidence	 to	 suggest	 that	provisioning	by	humans	 is	 likely	
impacting	 grey	 seals	 that	 use	 Chatham	 Harbor	 and	 the	 Fish	 Pier	 as	 a	 primary	 foraging	 site.	 More	
research	investigating	the	scope	of	this	impact	is	necessary	to	corroborate	the	results	found	here,	and	to	
accurately	inform	future	management	plans	for	the	marine	wildlife	of	Cape	Cod.	
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Figure	2	(left).	Girth,	weight	and	standard	length	for	all	female	seals.	Provisioned	female	indicated	in	red.		
Figure	3	(right).	Dorsal	vs.	lateral	blubber	fat	thickness	(cm)	for	all	female	seals.	Provisioned	female	indicated	in	red.	
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Figure	 4.	 Stable	 nitrogen	 and	 carbon	 concentrations	 from	 blood	 samples;	 (x)	 –	
females,	()	–	males,	(¢)	–	unknown	gender.	Red	(x)	indicates	provisioned	female.	
Figure	 5.	 Mahalanobis	 Distances	 using	 stable	 carbon	 and	 nitrogen	
concentrations	 from	the	blood	of	female	seals.	Provisioned	female	 indicated	in	
red.	
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Figure	6.	K	means	cluster	analysis	for	warm	(left)	and	cold	(right	seasons)	based	on	4	behavioral	metrics	(max	dive	depth	(m)	and	%	
time	diving,	at	 the	surface,	and	hauled	out).	 (x)	–	Female,	 ()	 –	Male.	Circled	“x”	 indicates	provisioned	female.	Cluster	1	 indicates	
normal	female	behavior,	cluster	2	normal	male	behavior.		
Figure	7.	Behavior	comparisons	between	#709,	mean	of	all	males	and	mean	of	all	females	(excluding	#709)	of	percent	of	time	spent	
diving,	at	the	surface,	and	hauled	out	during	pre-BP	(top	left)	and	post-BP	(top	right).	Max	diving	depth	pre	and	post-BP	709,	mean	of	
all	males	and	mean	of	all	females	(excluding	#709)	shown	below.	
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Figure	 8.	 (from	 top	 left	 to	 bottom	 right)	Mean	 number,	 distance,	 distance	 offshore	 and	 duration	 of	 trips	 during	 the	
summer	(dark	grey)	and	winter	(light	grey)	seasons	for	female	#709,	all	females	and	all	seals.		
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